The extent to which concordance rates for schizophrenia in monozygotic twins (between 36 and 58%)faIl short of 100%is often taken as an index of the role of an environmental factor in schizophrenia, but such an agent remains elusive. That schizophrenic symptoms are observed in some viral illnesses suggests that schizophrenia might be due to a gene-virus interaction, but analysis of age of onset in pairs of siblings with the disease rules out horizontal transmission. An alternative hypothesis is proposed that onset of disease is due to the expression of a â€˜¿ provirus', which @is integrated in the genome, having been acquired either by prenatal infection or in the germ-line from an affected parent; this could explain why the season of birth effect is accentuated in, and perhaps confined to the group of patients without a family history of the disease. Germ-line integration is known to occur following infection with agents of the retrovirus class.* Such agents can integrate at many sites in the host genome, but their interactions with proto-oncogenes (cellular genes which may act as growth factors) identify one type of integration site, and are.associated with some of their pathogenic effects. Some characteristics of schizophrenic illness, particularly their selectivity for the dominant hemisphere, can be understood on the assumption that the virus (perhaps a retrovirus) responsible for the disease interacts with a proto-oncogene, which induces the asymmetrical brain growth responsible, for laterality and cerebral dominance. The aetiologies of manic-depressive illness and schizophrenia may be related (the season of birth and onset effects are the same for the two conditions) and there is some evidence that the former transmutes into the latter in succeeding generations. The persistence of the functional psychoses may be due to the ability of the psychosis gene (or â€˜¿ provirus') to induce change in the genetic mechanisms responsible for the development of laterality. (* See postscript pp 253).
The possible aetiologies of schizophrenia are in creasingly circumscribed. A genetic component is undoubted, but remains ill-defined in Mendeian terms and cannot account for: (i) the shortfall from 100% in concordance in monozygotic twin pairs, (ii) onset in adult life, and (iii) a continued high prevalence against the selective effects of reduced fertility. To explain these anomalies, a â€˜¿ gene-environment interaction' is often invoked, but there is a dearth of environmental agents to which an aetiological role can plausibly be attributed. Psychogenic trauma has fallen by the wayside from the failure of its advocates to specify the nature of the trauma or to construct a plausible account of its psychodynamic effects: â€˜¿ expressed emotion' in relatives is viewed as a predictor of relapse, but is not seriously advanced as an initiator. In a so far unpublished study (CRC Division of Psychiatry) of first episodes of illness, expressed emotion in relatives did not predict relapse when other prognostic factors (length of illness before admission, and drug treat ment) were taken into account. Aside from the genetic component, the categories of possible causal agent are reduced to a short-list of threeâ€"toxins, infection, and disturbances of immunity. Of these, a toxic factor appears the least likely in view of the wide-spread geographical distribution of the disease. Auto-immu nity is frequently mooted, but as with other disorders of immune origin a trigger is requiredâ€"in several conditions, this is an encounter with an infectious agent (Lewis, 1974) . That schizophrenia should be due e.g. Jelliffe (1927 ), Hendrick (1928 ), and McCowan & Cook (1928 . The 1918 epidemic of influenza, and possibly therefore the encephalitis lethargica epidemic which followed, was almost certainly due to the â€˜¿ swine' serotype ofinfluenza A (H1N1). Such neuropsychiatric sequelae to influenza no longer occur, although Lloyd Still (1958) described a small group of psychotic illnesses after a later pandemic (due to the H2N2 serotype), some of which were confusional and some including olfactory hallucinations.
A number of authors have described illnesses, presumed to be encephalitic, in which schizophrenia like symptoms were observed. Thus Weinstein et al (1955) described six cases of psychosis, four of which followed an upper respitatory tract infection and one infectious mononucleosis. Disorientation, neurologi cal signs, seizures, and CSF changes were observed in various combinations, but catatonic and psychotic symptoms, described by these authors as schizo phrenic, were also seen. Sobin & Ozer (1966) reported a somewhat similar series of ten cases of post infectious psychosis, and stressed that in many, the symptoms could not be distinguished from those of schizophrenia.
Such cases with other reports (e.g. Hunter & Jones, 1966; Himmelhoch et al, 1970; Misra & Hay, 1971) indicate that schizophrenia-like symptoms are observed in illnesses which for a variety of reasons (e.g. preceding febrile illness, the presence of neurological signs or CSF changes) have been regarded as of viral aetology, although specific pathogens have not been identified. Schizophrenic symptoms are also described as a manifestation of Vilyuisk encephalitis, an illness attributed to a picornavirus (Lipton et al, 1983) , seen in the Yakat Republic of the USSR. Recurrent episodes of illness lead to progressive impairments, and there may be neurological signs (e.g. amyotrophy) and a meningo encephalitis, but schizophrenia-like symptoms also occur, which can progress to dementia. Thus, there are precedents for schizophrenic symptoms occurring in association with viral infections of the nervous system.
Some animal viral infections are also of interest.
Visna is a slowly progressive neurological disease of sheep in Iceland, caused by a C-type retrovirus which evades the immune response (Petursson et al, 1979) to induce a periventricular demyelinating process. The chronicity of the course and the location of the lesions make this model of interest in relation to the psychoses. Of possibly greater relevance, in that the course may be episodic and the agent sometimes enters a latent phase, is the disease borna. This affects horses, sheep, cattle, and possibly deer, and can be transferred to rodents (Narayan etal, 1983) ; it may be caused by an enveloped RNA virus, and the selectivity of the virus for the limbic system is of particular interest.
to an infectious agent is not widely entertained, but the paucity of alternative theories requires that it be considered.
Background to the viral hypothesis Viral infection as a possible cause of schizophrenic illness was first considered after the 1918 epidemic of influenza. Menninger (1926) reported a series of 175 cases of post-influenzal psychosis, of which 77 received a diagnosis of dementia praecox. Of 50 patients who were followed-up, 35 were completely recovered, five improved, five unimproved, and five were worse. Although in some cases the diagnosis at follow-up had been changed to manic-depressive or toxic-infectious psychosis, frequently because recovery had occurred, Menninger noted that in the original picture there had been â€oe¿ unmistakableschizophrenic stigmas including intrapsychic ataxia, emotional-ideational splitting, in coherence, stereotypies and other bizarre expres sionsâ€•and that these symptoms were not conspicuous ly different from those seen in the usual types of schizophrenic illness. He concluded that the schizo phrenic syndrome: (i) was the relatively most frequent post-influenzal psychosis, (ii) occurred with or without predisposition or hereditary taint, and (iii) in most cases terminated in complete recovery. Subsequently, Menninger discussed the implications of these obser vations for the aetiology of â€oe¿ acute schizophrenic reactionsâ€•, which he regarded as of multiple causation. To a question from Adolf Meyer, he replied â€oe¿ influenza or other somatic infection is not a cause, but it may be one of the factors involved in the dÃ©bÃ£cle. I think I said seven years ago that influenza caused psychosis. I have grown older since and I hope, wiser. I have certainly changed my mind.â€ • (Menninger, 1928) . It was left4to Goodall (1932) to formulate the viral hypothesis with precision. In the wake of the encephalitis lethargica epidemic which followed and may well have been related (Ravenholt & Foege, 1982) to the 1918 influenza pandemic, he noted that â€oe¿ there are observ ers who consider that there is no essential difference between psychotic disturbances connected with en cephalitis (post-encephalitic) and those met with in states covered by the description schizophreniaâ€•, and went on to argue that â€oe¿ epidemic encephalitis, with the somatic disorders which accompany it, may be a virus disease and similarly caused, perhaps, are the schizo phrenic states which resemble them. . Goodall (1927) (Albrecht et al, 1980) and an increase in 1gM to this virus was detected in 11% of such patients, using an ELISA assay, by comparison with 3% of neurological patients and 3 of 17 patients with bipolar affective illness (Torrey et al, 1982) . However, this finding has not been consistent in other samples (Torrey et al, 1983; Hirsch, 1983) and the meaning of an elevation of 1gM in the absence of a change in IgG is obscure. In a comprehensive survey of antibodies in serum to five viruses in a large sample of schizophrenic and other psychiatric patients, King et al (in press) found anti mumps titres significantly reduced in patients with schizophrenia; they argued that impaired immunity to this virus might play a role in aetiology.
(ii) Cell culture techniques: in a search for known or unrecognised viruses, cerebrospinal fluid from about one-third of patients with schizophrenia was found to induce a cytopathic effect in human embryonic fibroblast cultures (Crow et al, 1979; Tyrrell et al, 1979 ). The effect was not passaged, but was prevented by filters of 50 nm pore size; it was thought that it might reflect the presence of a small RNA virus. Further investigations have shown that the effect is also seen with csf from some patients with affective disorder and with miscellaneous neurological conditions (Baker et al, 1983) , and that it is not prevented by protein synthesis inhibition (Taylor & Crow et al, 1982) . Thus, the effect is unlikely to be due to a replicating virus, but may indicate the release into the csf by cns damage of a toxic factor associated with cellular debris.
(iii) Transmission experiments: csf inducing cytopathic
effects from patients with schizophrenia was injected intracerebrally into mice and hamsters without signifi cant effects. Marmosets injected with cytopathic csf from patients with schizophrenia (and also from those with Huntington's chorea) were observed to be significantly less active over a 2Â½-year period of observation than control-injected animals, and they had an incidence of reproductive anomalies (Baker et a!, 1983) . Examination of the brains of these animals has revealed no evidence of changes in dopamine receptors, gliosis, or the presence of cytomegalovirus. To exclude the possibility that subtle behavioural changes are a manifestation of pathogenic effects (which cannot otherwise be detected) of intracerebral injections of csf these experiments are being repeated.
Experiments in which brain tissue obtained at post mortem and in one case at biopsy was injected (a) Seasonality Consistent with a viral aetiology for the functional psychoses are observations on seasonal changes. There is an excess of onsets of both mania and schizophrenia in the early summer months (Hare & Walter, 1978) expressed in relation to admissions for other types of illness; the excess probably applies to both first and later episodes.
Even better established with respect to schizo phrenia is a season of birth effectâ€"individuals who later develop the disease are more likely (by 4 to 8%) to have been born in the months of winter and early spring than at other times of the year (Torrey et al, 1977) . Similar effects are seen for mania (Hare & Walter, 1978) as for schizophrenia. A relationship with seasonal temperature at the time of birth has been reported (Hare & Moran, 1981) , as also has an association with the incidence of infectious disease in the year preceding birth (Watson et al, 1984) .
The similarity of the seasonal effects (for date of birth and onset) for the two psychoses is striking. If the finding is not an artefact, it is difficult to avoid the conclusion that the aetiologies of the conditions must be related.
(b) Temporal and geographical variations
It has been generally assumed that the incidence of schizophrenia is uniform with respect to time, and approximately similar in the various populations of the world. Both assumptions have been challenged:â€" Hare (1983a) has presented evidence that the incidence of the disease increased in the nineteenth century, and both Hare (1983b) and Torrey (1980) have drawn attention to the relative scarcity before 1800 of case descriptions which with reasonable confidence can be classified as schizophrenia.
Al though a lifetime prevalence of approximately 8 per 1,000 is reported in many countries, there is evidence for materially higher rates in the north of Sweden (BOOk, 1953) in Croatia (Crocetti etal, 1971 ) and of the west of Ireland (Kelleher et al, 1974; Torrey et al, 1984) . Conversely, it is claimed that the incidence is significantly lower in Papua-New Guinea (Torrey et al, 1974) and in the eastern islands of Micronesia (Dale, 1981) .
With (Crow, 1981 (Crow, , 1983a ) that some findings in family studies are compatible with the notion that in addition to a genetic predisposition, what matters is proximity to an individ ual who already has the disease: (i) concordance rates are higher in dizygotic twins than in their siblings (Fischer, 1973) , although these relatives share genes to the same extent; because they are the same age, twins may be in closer contact than siblings.
(ii) concordance in relatives is greater in same-sex than in opposite-sex pairs (Rosenthal, 1962) , but this effect occurs only within the family (i.e. first-degree rela tivesâ€"Penrose, 1942): again, it may be argued that same sex pairs of relatives are in closer physical proximity. (iii) in monozygotic twins, the second member of the pair is at increased risk in the first two years after disease onset in the first, and the increase is confined to pairs who are together at this time (Abe, 1969) . (iv) according to Kasanetz (1979) , first episodes of psychosis occur more frequently in individuals who live in apartment blocks where there is already a (unrelated) patient with schizophrenia than elsewhere.
These findings have been variously interpreted (Murray & Reveley, 1983a.b; Bryant, 1983; Crow, 1983b) If they are to be taken as evidence for horizontal disease transmission, it must be assumed that this occurs in individuals with a genetic predisposi tion. Such a gene-infectious agent interaction is not unprecedented:
dizygotic-monozygotic twin concor dance ratios similar to those in schizophrenia are reported in poliomyelitis and tuberculosis.
Harper (1977) has argued that evidence for strict Mendelian transmission, e.g. in Huntington's chorea, does not rule out a role for a virus and the familiar occurrence of Jakob-Creutzfeldt disease (Adam et a!, 1982) requires a direct interaction between an apparently dominant genetic factor and this elusive transmissible agent. In psychosis, Scharfetter (1970) has shown that when cases of fo!ie a deux occur in individuals unrelated by blood ties (e.g. spouses), the genetic predisposition is as great in the secondary as in the primary case. Thus, a gene-virus interaction, withhorizontal transmission of the latter, could not be ruled out.
A study in pairs of siblings
The contagion (horizontal transmission) hypothesis hasbeen subjected toa further test inpairs ofsiblings with the disease. The siblings of patients with schizo phrenia include individuals at genetic risk, and such individuals are also exposed to someone who already has the disease. The time of onset of illness in pairs of siblings who both have the disease thus provides information on the mode of transmission.
In an analysis of five collections of such pairs (Crow & Done, in preparation), age of onset has been found strongly correlated (P = 0.68) between pairs, and there is a shift toward earlier age of onset in the younger sibling (x2= 42.45, P<0.0005).
This observation is susceptible to three explanations: (i) age of onset is genetically determined, but when the disease is seen in an elder sibling, it is detected at an earlier age in a younger sibling (the â€˜¿ early detection' hypothesis), (ii) the disease is transmitted from one to the other sibling, the age shift being related to the age difference between the siblings at the time of transmission, i.e. from elder to younger or vice versa (the â€˜¿ contagion' hypothesis), (iii) age of onset is under genetic control, but because pairs are collected at the time of onset of illness in one sibling, an excess of younger siblings with earlier age of onset are included (the â€˜¿ selection bias' hypothesis).
A decision between these hypotheses can be made by analysing the age shift (to younger age of onset in younger sibling) in relation to whether the disease occurs first in the elder or younger sibling. The â€˜¿ early detection' and the â€˜¿ contagion'hypotheses both predict that the age shift will be seen in pairs in which the illness occurs first in the elder sibling. The selection bias hypothesis predicts that the age shift will occur only in the pairs in which the younger sibling is ill first.
The latter is what is observed. Within the set of pairs in which the elder sibling is ill first, age of onset remains highly correlated between members of each pair, but there is no tendency to earlier onset in the younger sibling.
This finding rules out the contagion hypothesis (or at least demonstrates that if contagion does occur, it must be in a proportion of cases so small as not to be detectable in this series of 264 pairs of siblings); it also rules out the early detection theory. Since the data on siblings are more extensive than the series of pairs of monozygotic twins examined by Abe (1969) and the first episodes of illness studied by Kasanetz (1979) , and have been collected in circumstances in which possible sources of bias can more readily be examined, it seems that contagion (horizontal transmission) can be ex cluded as the usual method by which the disease is transmitted. The finding that date of onset of illness in one sibling is independent of date of onset in the other, but that age of onset is highly correlated between siblings, has implications for a role of environmental agents in general. Thus, agents to which both siblings are exposed at a defined point in time (e.g. infective illnesses of childhood, loss of a parent), even though their effects are delayed by many years, appear to be eliminated. If such factors made a significant contribu tion to onset, a shift to earlier age of onset in pairs in which the elder sibling was ill first would have been observed. From the viewpoint of the viral hypothesis, the findings impose significant constraints and suggest that if viruses play any role, this must be in pre-rather than post-natal life.
A new hypothesis: retroviruses and proto-oncogenes
To accommodate the season of birth effect, a genetic factor, the late age of onset of disease, and a virus which is latent for many years, a hypothesis which is more parsimonious but more restrictive than a gene virus interaction must be considered.
This is that schizophrenia (and perhaps manic-depressive psycho sis) is due to infection with a virus which becomes integrated in the genome, sometimes to be passed from one generation to the next.
A class of agent with the ability to integrate in the host genome is that of the retroviruses (see e.g. Weiss, 1978) , which carry the gene for the enzyme reverse transcriptase (Baltimore, 1970; Temin & Mizutani, 1970) , which permits viral RNA to be transcribed into DNA which can then become integrated into the host genome as a â€˜¿ provirus ' (Lwoff, 1965) . In early studies, retrovirus-related antigens in chickens (Payne & Chubb, 1968) and tumour-inducing viruses in mice (Bentvelzen & Daams, 1969) had been found to be transmitted in a Mendelian fashion, and inter-species comparisons suggested that exogenously-acquired viral genes have become integrated in the germ-line of some species (Benveniste & Todaro, 1974) . In mice, germ-line, integration of the Moloney munne leukaemia virus has been reported when infection of the embryo occurs in the pre-implantation stage (Jaenisch, 1976) . Thus, exposure to a retrovirus at a critical developmental stage results in host acquisition of a virus which is then passed from one generation to the next as an inherited Mendelian characteristic, but to be expressed as viral particles at a late stage in the life of the affected individual.
It is of historical interest that such a mode of transmission was foreshadowed by Myerson (1924) , who in the face of prevailing Weissmanian orthodoxy insisted that in mental illness we are dealing with a toxic environmental influence on the germ-line, this effect being mediated by a mechanism which he referred to as â€˜¿ blastophona'.
A prediction of the retroviral hypothesis is that evidence for infection will be associated with those cases where a family history is absent. Kinney & Jacobsen (1978) , in their analysis of the Danish American adoption study data, found seven out of ten of the schizophrenic probands at low â€˜¿ biological risk' (a category including those without a family history) compared to 5 out of 24 (P <0.02) of those at high â€˜¿ biological risk' (including those with a family history) were born between January and April. On the retroviral hypothesis, the season of birth excess may be taken as an index of the frequency with which de novo integration into the germ line occursâ€"perhaps in between 5 to 10% of cases.
Two problems for the hypothesis are:
(i) the low rate of concordance in monozygotic twins. When the provirus is inherited from a parent both twins should be affected, and this would also be expected in at least some cases in which the infection is acquired in utero. Concordance rates of 36 to 58% (Gottesman, 1978) appear too low.
(ii) for the effects of genomic integration of a virus to be predictable (i.e. for the disease to breed true), the site of integration should be constantâ€"in particular, the provirus should be integrated in a gene sequence which is expressed in brain. Yet the integration sites of the retroviruses within the genome are random. A solution of these two problems relates to the role of laterality in psychosis and to the ability of retroviruses to amplify the expression of cellular growth factors, sometimes referred to as â€˜¿ proto oncogenes' (see e.g. Bishop, 1983) , on account of their ability (e.g. when integrated into a retrovirus genome) to induce neoplasia.
Laterality was introduced into discussion of psycho sis by Flor-Henry's observations (1969) that in the psychoses associated with temporal-lobe epilepsy, schizophrenic symptoms are more likely to occur with dominant (and affective symptoms perhaps with non dominant) fociâ€"an observation confirmed by later studies (Taylor, 1975; Lindsay et a!, 1979) . That the functional psychoses themselves are lateralised in the brain has been widely speculated upon, but compelling evidence has been lacking. The notion that a disease (which many suppose to be due to a chemical disturbance) with such global psychological conse quences should have an origin confined to one hemisphere has appeared far-fetched. However, two recent post-mortem findings add substance to the concept: (i) Reynolds (1983) found the dopamine content of the amygdala to be elevated in the brains of schizophrenic patients by comparison with controls, but that this change was present in the left but not in the right hemisphere, (ii) in a study of the brains of patients dying in Runwell Hospital over a 26-year period (Brown et a!, in preparation) the parahippocampal gyrus of patients with schizophrenia was significantly thinner than that of the brains of patients with affective disorders (P <0.01), and there was a diagnosis-by-side interaction, the difference between the groups being significantly (P <0.02) greater on the left side.
Boklage (1977) has drawn attention to the relevance of laterality to the rates of concordance in monozygotic twin pairs. In an analysis of the data in the series of twins collected by Gottesman and Shields and by Slater, he found that in 12 pairs concordant for right handedness, 11 were concordant for schizophrenia, whereas in 16 pairs in which one or both members were not unequivocally right-handed only four pairs were concordant. Boklage argues that while dominance (laterality) is under genetic control, monozygotic twins (perhaps for reasons associated with the twinning process itself) are not always concordant for handed ness. If this is the case, the findings suggest: (i) that discordance in monozygotic twins cannot be taken as evidence for an environmental component, i.e. that the genetic component may be greater than is generally assumed, and (ii) that the disease is in some way related to cerebral dominance.
Boklage's conclusions bear a relation to the retroviral hypothesis. He writes that if schizophrenia â€oe¿ is with rare exception (hereitably) cellular in origin, the following considerations are appropriate: 1. Schizophrenic psychosis is clearly not what is inherited: that takes on average near 30' years to appear, and it is not possible in the majority of cases to say that the individual â€oe¿ was always more or less like thatâ€•. 2. Therefore, what is inherited or otherwise cellularly imposed before birth is some cellular an!age, stable for 20â€"60years of growth, with or without intervening development of the an!age itself or of identifiable behavioural deviations originating therefrom. 3. That the symptoms of schizophrenia represent lateralised pathology does not prove that the cellular anlage is similarly placed. However, it seems fairly safe to defy a simpler explanation.
For the retroviral theory, the term provirus can be substituted for cellular an!age, but the gist of the conclusions remains. With respect to the strength of the genetic component, Boklage's opinion is close to that of Karlsson (1970a) who drew from a comparison of the rates of schizophrenia in Kallman's genetic studies and those in adopted relatives of schizo phrenics the conclusion that environmental factors add little to genes in determining whether of not an individual develops the disease.
The implications of Boklage's analysis depend upon their replicability and the genetics of cerebral domi nance, but there are uncertainties in both areas. Luchins et a! (1980) examined handeness in a series of 14 pairs of monozygotic twins, selected earlier for discordance for schizophrenia.
Only four of the 28 twins were left-handed. At follow-up, four of the 14 pairs had become concordant, but in seven of the remaining ten twin pairs, both members were right handed. Thus, in contrast to Boklage's findings, 70% of the two RH pairs remained discordant, and this figure was comparable to the three out of four discordance rate for the 1â€"2 LH pairs (pairs including a left-hander). Amongst the 1â€"2 LH pairs, all four of the left-handers, compared to only one of the right handers, was schizophrenic, and a similar trendtoward theleft-hander beingschizophrenic indiscordant pairs was noted in the data analysed by Boklage. Luchins et a! also noted that while in the seven discordant 2 RH sibships the schizophrenic was lighter at birth in each case, in the three 1â€"2LH discordant pairs, the schizophrenic individual was left-handed and heavier at birth (P =0.008).
On the integrated virus hypothesis, these findings can be explained as follows: (i) in 2-RH concordant pairs, the virus is inherited as an integrated gene from a parent, or both are infected in utero. The effect of the integrated proviral gene is assumed to be confined to the left hemisphere.
(ii) in 2-RH discordant pairs, the virus is acquired in utero by one member of the pair; the infection could account for low birth weight in this twin. Because they were selected for discordance, the series of Pollin & Stabenau (1968) included an excess of such cases.
(iii) in 1â€"2LH discordant pairs, there are two possibilitiesâ€"either (as suggested by Boklage) the twinning process itself leads to asymmetry of domi nance, schizophrenia being associated only with domi nance in one hemisphere, or (as suggested by Luchins eta!, 1980) some factor in one of the twins leads first to the development of left-handedness and later to the onset of a schizophreniform psychosis. In these cases, the illness is less severe.
According to the data of both Boklage and Luchins
Although dominance is undoubtedly influenced by genetic factors, there is disagreement concerning the precise mechanism. The simplest hypothesisâ€"and one which accounts for much of the evidenceâ€"is, as proposed by Annett (1978 Annett ( , 1981 , that a dominantly inherited gene confers a â€˜¿ shift' to the left hemisphere in most people, and determines that they shall be right handed. Left-handers (and a proportion of right handers) are assumed to lack this factor, and in these individuals, handedness is determined by a random process. An interesting fact is that whereas dominance of one hemisphere over the other is common in vertebrates, a systematic deviation to one side may be confined to canaries, some non-humane primates (e.g. macaques), and man (Walker, 1980) . Perhaps it is an unusual and specific evolutionary development, asso ciated with inter-individual communication.
Of particular relevance to the integrated viral gene hypothesis is that dominance is associated with cere bral asymmetryâ€"in right-handed subjects, auditory cortex and regions within the Sylvian fissure tend to be of greater size in the left hemisphere than the corresponding regions on the right (Galaburda et a!, 1978) . In left-handed subjects, this tendency is less marked and is sometimes reversed, although asymmet ries of similar magnitude in the opposite direction are unusual.
The anatomical basis of these asymmetries is obscure-presumably there is differential growth on one side of the brainâ€"but may be critical to an understanding of the functional psychoses. For the reasons already outlined, the agent responsible for psychosis appears in some way to be linked to whatever genetic factor determines the asymmetrical develop ment of the brain. A hypothesis which relates the retroviral theory to cerebral asymmetries is that the latter depend upon a growth factor for which a retrovirus has a particular affinity.
Retroviruses have a capacity to incorporate â€˜¿ oncogenes' which stimulate growth, and when incor porated in a retroviral genome (as viral oncogenes), can induce neoplasia. It is now recognised that such sequences (cellular-or proto-oncogenes) are a compo nent of eukaryotic cells, and probably play a role in normal function, maybe as growth factors. Retroviruses can interact with and incorporate such sequences and, perhaps because when they do so enhanced growth occurs, the interaction is noted sometimes as a pathological effect.
Thus, to account for the site-specific integration of the retrovirus assumed to be responsible for the association of schizophrenia with cerebral dominance, it may be suggested that: The cerebral asymmetries underlying laterality are established by the trophic effects of a proto-oncogene, and that the retrovirus responsible for psychosis interacts with this cellular oncogene to elicit enhanced activity, which may some times be destructive.
The effects of the interaction could depend upon the stage of development at which enhancement occurs. Thus, increased activity in a period of brain growth might lead to hypertrophy, but at a later stage to (From Rosenthal, 1970) .
inappropriate cellular stimulation and perhaps cell loss. Such differential effects would be relevant to age of onset.
Is there a relationship between manic-depressive psychosis and schizophrenia?
That there is a relationship between major affective disorders and schizophrenia is widely suspected, because intermediate states are encountered and no satisfactory dividing line can be drawn between the two psychoses, (Kendell & Gourlay, 1970) . It is also suggested by the similarity of the season of birth and season of onset effects for schizophrenia and mania (Hare & Walter, 1978) . However, the inheritance of the two conditions is held to be independent.
A possible relationship is that in successive genera tions, there is a (small) tendency for manic-depressive psychosis to transmute into schizophrenia. Thus, Rosenthal (1970) summarised the incidence of schizo phrenia in a number of studies of the relatives of patients with affective disorder and found an excess in the children (Table) . Schulz (1940) studied psychoses occurring in the children of two manic-depressive patients, and found 28% to be affective but 12% to have schizophrenic psychoses. In a case register study of parent-child pairs who had both been recorded as being given a diagnosis of psychotic illness, Powell et a! (1973) found that amongst the children of parents with schizophrenia, nine were recorded as suffering from this disease and none from manic-depressive psychoses, whilst amongst children of parents with the latter disorder, there were ten with manic-depressive disease but 15 with schizophrenia. These authors comment that â€oe¿ Amongst the children of manic-depressives there are two cases of manic-depression for every three cases of schizophrenia. Yet, from the genetic point of view why should schizophrenia have occurred at all in these families?â€•.
Thus, the form of psychotic disorder may change in succeeding generations; this implies an alteration in the gene, or perhaps its location in the genome. Such an alteration may be easier to understand if in the psychoses we are dealing with proto-oncogenes sus ceptible to alteration by retroviruses, which them selves have similarities to moveable genetic elements (Temin, 1980) . According to this concept, schizophrenia arises in three ways: (i) by inheritance of the psychosis gene (provirus) from a parent with schizophrenia (or who at least has the predisposing gene), (ii) by inheritance of the psychosis gene (modified in the course of transmission) from a parent with manic depressive illness (or who has the predisposing gene), (iii) by infection with a retrovirus in utero. (See pp 253).
Handedness, psychosis and evolution
Although there may be a relationship between handedness and psychosis, this is not straightforward, since surveys in populations of patients with psychia tric disease do not show striking deviations from the normal population in handedness patterns (Taylor & Dalton et al, 1982) . Since handedness persists as a genetic polymorphism, there must be advantages and disadvantages associated with the two states (or position on the continuum) of handedness. The development of cerebral asymmetry presumably is in some way associated with the capacity for speech. Left handers apparently are not disadvantaged in this respect, although they may be with respect to visuo spatial abilities (Levy, 1969; Miller, 1971) . The fact that not everyone is right-handed suggests there are disadvantages as well as benefits associated with right handedness. There is also a case for a familial association between creativity and psychosis (Karl sson, 1970b) . These associations may all be relevant to the relationship between dominance and psychosis.
Perhaps there is a continuum from a state of cerebral symmetry (which includes most left-and some right handers) to an extreme of asymmetry associated with right-handedness, so that the point which an individual occupies in this continuum is relevant to the form of the psychosis he develops (but not to the risk of psychosis).
Thus, individuals who are more lateralised may have a worse outcome when they develop psychosis; in fact, it is observed that when schizophrenia affects non-right handed individuals, the illness is less severe (Luchins et a!, 1979) . Conversely, there may be an excess of left handers amongst bipolar I type patients and parti cularly amongst their children (Sackheim & Decina, 1983) . One possibility is that the psychosis gene persists because it is able to move an individual along the laterality continuum. Thus, human cerebral asym metry could have arisen because a retrovirus deposits a proto-oncogene in an unusual position amongst genes expressed in the brain. This could have led to adaptive consequences; reduplication of the proto-oncogene (i.e. multiplication of the growth factor effect) by further viral activity might have yielded further gains, but at the cost of maladaptive viral gene expression (e.g. outside the period of cerebral development). According to this concept, psychosis reflects rate of change in the genes (proto-oncogenes) determining laterality, the form of the psychosis being influenced by the number of genes already present. In some such way, the association between cerebral dominance (an apparent genetic polymorphism), the persistence of psychosis, and its relationship to creativity may be explicable.
The action of neuroleptic drugs A role of retroviruses in the aetiology of the psychoses may be relevant to the question of the mechanism of action of neuroleptic drugs. Thus, repeated doses of haloperidol have been found to delay the onset of disease and to enhance survival in mice infected with the Rauscher murine leukaemia retrovirus (Wunderlich eta!, 1980) , while single doses of reserpine abolish the infectivity of mouse mammary tumour virus, a type B retrovirus (Wunderlich & Zotter, 1982) . The mechanism of these actions is not known.
Conclusions

A role for genetic predisposition in schizophrenia is
established by twin and adoption studies, but the mode of inheritance remains obscure, while the extent of discordance in monozygotic twins, the age of onset, and the persistence of the disease in the face of a decrease in fertility are unexplained. 2. That some viruses can initiate schizophrenia-like illnesses is suggested by observations on the influenza pandemic of 1918, the encephalitis lethargica epi demic, and reports of schizophrenic symptoms occur ring in the course of atypical encephalitic illnesses. 3. Schizophrenia could be due to a gene-virus interac tion, and the findings of some family studies are consistent with transmission of disease (â€˜contagion') from affected to non-affected individuals. However, a study of age of onset in siblings has established that whereas a shift to earlier age of onset in younger sibling is observed, this is due to a selection bias. When this is taken into account, age of onset in one sibling is strongly correlated with age of onset in the other, but uninfluenced by date of onset. Within the limits of these data, it appears that horizontal transmission does not occur.
4. An alternative hypothesis to the gene-virus interac tion is proposed-that the disease results from the integration into the human genome of a virus (perhaps of the retrovirus class) in a latent (â€˜proviral') form, to be expressed as disease in adult life. Integration into the germ line (established for some retroviruses in animal experiments) could account for genetic trans mission; also, the theory could explain the problems noted under (1) for the genetic hypothesis, as well as the season of birth effect, and the observation that season of birth clustering is present in cases without a family history.
The similarities
(particularly with respect to seasonality of birth and onset) between manic-depres sive illness and schizophrenia suggest that these illnesses share a common aetiology. There is evidence that manic-depressive illness in one generation is sometimes succeeded by schizophrenia in the next. 6. The association between schizophrenia and the dominant cerebral hemisphere (which may be relevant to the degree of discordance for the disease observed in monozygotic twins) is explained by a postulated interaction between the retrovirus responsible for the disease and a proto-oncogene which contributes (as a growth factor) to the development of cerebral asym metry. This cellular proto-oncogene is thus assumed to be a genetic determinant of handedness: according to this theory, it is the human genomic site at which the â€˜¿ psychosis virus' integrates.
